Development process of concepts of autoimmune pancreatitis and IgG4-related disease: before and after the discovery of IgG4
===========================================================================================================================

IgG4-related disease (IgG4-RD) is a fibroinflammatory disorder recognized as a novel clinical entity with multi-organ involvement and unknown origin, associated with abundant infiltration of IgG4-positive cells and fibrosis.^[@r01]--[@r03])^ Involvement of the central nervous system, thyroid, lacrimal glands, salivary glands, breast, lung, liver, bile duct, pancreas, gastrointestinal tract, kidney, prostate, retroperitoneum, arteries, lymph nodes, and skin, and good responses to steroid treatment have been reported.^[@r01]--[@r03])^ However, before establishment of the concept of IgG4-RD, each organ lesion has been described independently.^[@r01])^

In 1892, Mikulicz *et al.* first observed a patient with symmetrical swelling of the lachrymal, parotid and submandibular glands, with massive infiltration of mononuclear cells, and the condition was called Mikulicz's disease (MD); however, it has been classified as an atypical type of Sjögren's syndrome (SjS), which also presents with bilateral, painless, and symmetrical swelling of the lacrimal, parotid, and submandibular glands. Küttner reported a tumor-like enlargement of the submandibular gland of unknown origin that was sometimes a result of stones in the Wharton duct. In 1961, Sarles *et al.* first observed a case of particular pancreatitis with hypergammaglobulinemia, a prototype of autoimmune pancreatitis (AIP).^[@r01])^ In 1991, Kawaguchi *et al.* proposed a histopathological description of lymphoplasmacytic sclerosing pancreatitis (LPSP) from the resected pancreas of tumor-like appearing pancreatitis, which are clinically difficult to distinguish from pancreatic cancer, and is now regarded as a characteristic histopathological finding of IgG4-related AIP (type 1 AIP).^[@r04])^ In 1995, Yoshida *et al.* first proposed the concept of AIP.^[@r05])^ In 1967, Comings *et al.*^[@r06])^ reported the first familiar case of multifocal fibrosclerosis with retroperitoneal fibrosis, mediastinal fibrosis, sclerosing cholangitis, Riedel's thyroiditis, and pseudotumor of the orbit, which is now regarded as the syndrome of IgG4-RD.^[@r01]--[@r03])^

In 2001, Hamano *et al.* reported increased serum levels of IgG4 in Japanese patients with AIP,^[@r07])^ an epoch-making discovery in the history of IgG4-RD. Thereafter, many studies of AIP have been reported, mainly by Japanese investigators. The histopathological findings of LPSP are characterized by the periductal localization of predominantly CD4 positive T-cells, IgG4-positive plasma cells, storiform fibrosis with acinar cell atrophy frequently resulting in stenosis of the main pancreatic duct, and obliterative fibrosis.^[@r01])^ Approximately 60--80% of patients with AIP show obstructive jaundice with sclerosing cholangitis (IgG4-related sclerosing cholangitis; IgG4-SC) and other organ involvements (OOIs), in which cholangiographic features are similar to those of primary sclerosing cholangitis (PSC), pancreatic cancer, or cholangiocarcinoma. The steroid responses and the prognoses of sclerosing cholangitis associated with AIP differ from patients with PSC, which suggests different pathological conditions. In 2006, Kamisawa *et al.*^[@r08])^ suggested a concept of a systemic sclerosing disease with fibrosis and abundant infiltration of IgG4-positive plasma cells based on multifocal fibrosclerosis proposed by Comings *et al.* Further histological and clinical profiling of patients with "AIP" reveals two distinct subtypes, type 1 and type 2.^[@r09])^ Type 1 AIP is now regarded as a pancreatic manifestation of IgG4-RD, and type 2 AIP is supposed to be a distinctive pancreatic disease with granulocytic epithelial lesion (GEL) and occasional association with ulcerative colitis.^[@r09])^

Conversely, most patients with MD show elevated serum levels of IgG4, negative anti-SS-A/Ro or anti-SS-B/La antibodies, infiltration of IgG4-positive plasma cells into the glands, and recovery of secretion with steroid treatment. Patients with MD often show steroid-responsive OOIs such as AIP, sclerosing cholangitis, retroperitoneal fibrosis, enlarged celiac and hilar lymph nodes, chronic thyroiditis, or interstitial nephritis, which suggests that MD is completely different from Sjögren's syndrome.^[@r01]--[@r03])^

In addition to the original concept of multifocal idiopathic fibrosclerosis, recent studies led us to develop a novel concept of a systemic disease such as IgG4-related systemic sclerosing disease,^[@r08])^ systemic IgG4-related plasmacytic syndrome (SIPS),^[@r10])^ or IgG4-positive multiorgan lymphoproliferative syndrome (IgG4-MOLPS),^[@r11])^ all of which may refer to the same conditions. Based on these findings, the Japanese Research Committees for "Systemic IgG4-related Sclerosing Disease" (chaired by Okazaki, K.) and "IgG4-MOLPS" (chaired by Umehara, M.) supported by the Research for Intractable Disease program from the Ministry of Health, Labour, and Welfare of Japan, have proposed the comprehensive term^[@r02])^ and diagnostic criteria for "IgG4-related disease (IgG4-RD)".^[@r12])^ The first International Symposium on IgG4-RD held in Boston (chaired by Stone, J.) endorsed the Japanese concept and proposed nomenclatures and pathological criteria for individual organ lesions.^[@r03],[@r13])^

Current concepts of IgG4-RD
===========================

Patients with IgG4-RD, either synchronously or metachronously, show diffuse or focal organ enlargement and mass-forming or nodular/thickened lesions in various organs with abundant infiltration of IgG4-positive plasmacytes with fibrosis.^[@r01]--[@r03])^ IgG4-RD includes a wide variety of diseases, including MD, AIP, hypophysitis, Riedel thyroiditis, interstitial pneumonitis, interstitial nephritis, prostatitis, lymphadenopathy, retroperitoneal fibrosis, inflammatory aortic aneurysm, and inflammatory pseudotumor (Fig. [1](#fig01){ref-type="fig"}). Approximately 10--20% of the patients have a single organ involvement. Although it is unclear whether the pathogenic mechanism is the same among individual organs or not, recent studies have suggested possible multi-pathogenic factors in the development of AIP similar to other immunogenic diseases. Based on genetic factors, disease-specific or -related antigens, abnormal innate and adaptive immunity may be involved. IgG4-RD mainly affects middle-aged to elderly men except for MD, in which previous epidemiological studies did not show a gender difference. Clinical symptoms vary depending on the individual organs involved, but these are dramatically relieved by steroid therapy in many cases;^[@r01]--[@r03])^ however, long-term prognosis still remains unclear. Some patients develop serious complications such as obstructive jaundice due to hepatic, gallbladder, or pancreatic disease; hydronephrosis due to retroperitoneal fibrosis; or respiratory symptoms due to pulmonary disease. The infiltration of IgG4-positive cells, increased serum levels of IgG4, storiform fibrosis and obliterative phlebitis are characteristic in most organ involvements of IgG4-RD including pancreatic, biliary tract, retroperitoneal, and renal lesions, but storiform fibrosis and obliterative phlebitis are rarely observed in lymph nodes, salivary, or lacrimal glands.

In the International Symposium on IgG4-RD, the nomenclature of individual organ manifestations of IgG4-RD were proposed (Table [1](#tbl01){ref-type="table"}) using "IgG4-related" as a modifier, except for the pancreatic manifestation.^[@r03])^ Formerly called Mikulicz's disease, Riedel thyroiditis, or Küttner tumor, Ormand's disease is replaced by IgG4-related dacryoadenitis and sialoadenitis, IgG4-related thyroid disease, IgG4-related submandibular gland disease, and IgG4-related retroperitoneal fibrosis, respectively. The pancreatic manifestation of IgG4-RD is termed "type 1 autoimmune pancreatitis (IgG4-related pancreatitis)", because it is widely accepted among gastroenterologists and pancreatic surgeons, and helps to discriminate between type 1 and type 2 AIP, which are not a part of the IgG4-RD spectrum. When the pathogenesis of type 2 AIP is clarified, the term "type 1 AIP" may be replaced by "IgG4-related pancreatitis".^[@r03])^

Current concepts of AIP: type 1 AIP (IgG4-related pancreatitis) and type 2 AIP
==============================================================================

Recent studies have suggested that AIP is classified as two distinct subtypes, types 1 and type 2, and the International Consensus Diagnostic Criteria (ICDC) for AIP, which enabled the differentiation of type 1 from type 2 AIP and is the most widely accepted major diagnostic criteria.^[@r09])^ Clinically, type 1 AIP (IgG4-related pancreatitis) seems to be the pancreatic manifestation of IgG4-RD, characterized by: (i) mild abdominal symptoms, usually without acute attacks of pancreatitis; (ii) occasional occurrence of obstructive jaundice; (iii) increased serum gammaglobulin, IgG, and/or IgG4 concentrations; (iv) presence of autoantibodies; (v) diffuse, segmental, or focal enlargement of the pancreas with a capsule-like low-density rim on dynamic computed tomography/magnetic resonance imaging (CT/MRI) images; (vi) irregular narrowing of the main pancreatic duct on endoscopic retrograde cholangiopancreatography images; (vii) histopathologically, LPSP: abundant infiltration of lymphocytes and IgG4-positive plasmacytes and fibrosis, and obliterative phlebitis; and (viii) occasional association with OOIs (Figs. [2](#fig02){ref-type="fig"} and [3](#fig03){ref-type="fig"}). Patients with type 1 AIP often have obstructive jaundice, with both pancreatic and extrapancreatic manifestations responding to steroid therapy.^[@r01],[@r08],[@r09])^

Histological examination by American and European pathologists of the resected pancreases of patients with chronic non-alcoholic pancreatitis revealed another histopathological pattern, called idiopathic duct-centric pancreatitis (IDCP)^[@r14])^ or AIP with GELs,^[@r15])^ later named as type 2 AIP.^[@r09])^ Although patients with type 2 AIP show similar pancreas images to type 1 AIP, they show different clinicopathological features from type 1 AIP such as no elevation of serum IgG4, occasional infiltration of IgG4-positive plasma cells, no autoantibodies, or no involvement of other organs, except for inflammatory bowel disease (Figs. [4](#fig04){ref-type="fig"} and [5](#fig05){ref-type="fig"}). The most characteristic feature of type 2 AIP is GEL, commonly accompanied by destruction and obliteration of the pancreatic duct.^[@r09])^ Although type 1 AIP (LPSP type) often occurs in older men and is accompanied by a variety of extrapancreatic lesions, type 2 AIP (IDCP/GEL type), has no gender difference, younger age at onset (often \<40 years), and is frequently associated with inflammatory bowel disease (about 30%). Thus, after a worldwide debate over the diagnostic criteria for AIP, LPSP has been defined as type 1 (IgG4-related pancreatitis) and IDCP/AIP with GEL has been defined as type 2.^[@r09])^

Diagnosis of IgG4-related disease
=================================

Patients with IgG4-related disease show organ enlargement or nodular/hyperplastic lesions in organs in the entire body, synchronously or metachronously, due to the prominent infiltration and fibrosis of lymphocytes and plasmacytes. The organs known to be affected include the central nervous system, lacrimal/salivary glands, thyroid gland, lungs, pancreas, biliary duct, liver, gastrointestinal tracts, kidneys, prostate gland, retroperitoneum, skin, arteries, and lymph nodes. Clinical symptoms vary depending on the organ in which the lesions are located, which suggests that it is hard to establish criteria covering all patients with IgG4-RD. Therefore, some specific diagnostic criteria have been proposed for each involved organ, such as for IgG4-related Mikulicz's disease (IgG4-related dacryoadenitis/sialadenitis),^[@r12],[@r16])^ type 1 AIP (IgG4-related pancreatitis),^[@r09])^ and IgG4-related kidney disease.^[@r17])^ However, these organ specific criteria do not cover other organs or are not familiar to general clinicians and non-specialists. Therefore, Japanese investigators have proposed comprehensive diagnostic criteria (CDC) for IgG4-RD, containing three major criteria (clinical, hematological, and histopathological examinations) for practical use by general physicians and non-specialists (Table [2](#tbl02){ref-type="table"}).^[@r12])^

Clinical examination.
---------------------

Physical examinations and imaging by ultrasound/CT/MRI can show the characteristic diffuse/localized swelling, masses, or thickness in single or multiple organs.

Hematological examination.
--------------------------

The cutoff value for serum IgG4 concentration, 135 mg/dL, was based on receiver operating characteristic (ROC) curves,^[@r07])^ and its validity was confirmed.^[@r18])^ In patients with single-organ involvement and serum IgG4 concentration \<135 mg/dL, the IgG4/IgG ratio may be helpful in making a diagnosis. However, elevated IgG4 may also be observed in other diseases (*e.g.*, atopic dermatitis, pemphigus, asthma, and multicentric Castleman's disease), and especially in about 10% of malignancies, which suggests that high serum IgG4 is not necessarily a specific marker of IgG4-RD.^[@r18])^ Therefore, at present, the significance of elevated IgG4 in the pathogenesis/pathophysiology of IgG4-RD still remains unknown.

Histopathologic examination.
----------------------------

Although tissue biopsies are difficult to obtain from some organs, including the pancreas, retroperitoneum, and ocular cavity, histopathological examination is important. Marked lymphocyte and plasmacyte infiltration with storiform fibrosis or obliterative phlebitis is characteristic of IgG4-RD. IgG4/IgG-positive cells \>40% have been reported in lymph nodes of patients with IgG4-RD. On the other hand, \>10 IgG4-positive plasma cells are recommended in the diagnosis of type 1 AIP.^[@r09])^ Based on these findings, the CDC for IgG4-RD recommend both the ratio of IgG4/IgG-positive cells \>40% and infiltration of \>10 IgG4-positive plasma cells/HPF for definitive diagnosis.^[@r12])^ Eosinophilic infiltration is often observed along with infiltration of IgG4-positive cells.

Although the sensitivity of the CDC for definitive IgG4-RD is low in organs from which it is difficult to take biopsy specimens, it can detect possible cases of IgG4-RD. In probable or possible cases, organ-specific criteria should be used concurrently.

Treatment
=========

Although some studies of the treatment for IgG4-RD have been proposed,^[@r19],[@r20])^ comprehensive management for IgG4-RD has not yet been established. Because the clinical features of patients with IgG4-RD depend on characteristics of the organs involved, the current consensus for the treatment of type 1 AIP,^[@r21])^ as a representative lesion of IgG4-RD, is described (Fig. [6](#fig06){ref-type="fig"}).

Induction for remission.
------------------------

For induction of remission, steroids can successfully achieve induction in most patients with type 1 AIP (∼90%).^[@r21],[@r22])^ The Japanese guidelines^[@r23])^ and international consensus^[@r21])^ have recommended that steroids are the first-line agent in all active and symptomatic patients with untreated AIP, who have obstructive jaundice or abdominal and/or back pain due to pancreatic or other organ involvements, unless patients have any contraindications or high risks for steroid use. They have also recommended steroid treatment even in asymptomatic patients with persistent pancreatic mass on imaging, or those with associated IgG4-related sclerosing cholangitis (IgG4-SC) who have persistent liver test abnormalities.^[@r21])^ In patients with contraindications to steroid treatment, rituximab can induce remission as a single agent.^[@r21],[@r24])^ Except for rituximab, however, other steroid-sparing agents such as thiopurines are poorly effective as a single agent for the induction of remission.^[@r25])^ Before any initial steroid therapy, management of blood glucose in diabetic patients or biliary drainage in patients with obstructive jaundice are recommended,^[@r23])^ because biliary drainage can prevent biliary infection, and brushing or bile juice cytology can differentiate IgG4-SC from biliary malignancy. In some cases of mild jaundice without signs of infection, however, steroid treatment alone can be performed safely without biliary stenting.^[@r26])^

Relapse and second-line treatment.
----------------------------------

According to international or Japanese multicenter studies,^[@r27])^ 30--50% of the patients with type 1 AIP experienced relapse. Most risk factors for relapsing remain poorly understood and require further study. A history of relapse seems to be a strong risk factor for future relapse. Although an international study^[@r22])^ could not confirm the finding, Japanese national retrospective^[@r27]--[@r29])^ studies have suggested that diffuse pancreatic enlargement type, and persistently high, low decreased rate or re-elevation of serum IgG4 levels after steroid therapy, may be predictors of AIP relapse. Association with IgG4-related SC, especially the proximal type of IgG4-SC seems to be a risk factor for relapse. In addition to serum IgG4 levels, circulating immune complexes have been reported as useful early predictors of relapse.^[@r30])^

Although the usefulness of steroids as an initial treatment is agreed upon, there is no "gold standard" for treatment in relapse cases. The international consensus recommends re-administration or and increased dose of steroid or steroid-sparing agent, such as immunosuppressive agents or rituximab.^[@r19])^

Maintenance treatment.
----------------------

Although there is no high-level evidence regarding maintenance therapy, certain patients benefit from maintenance therapy after a successful course of induction therapy.^[@r19],[@r23],[@r31])^ Whereas some patients do not relapse after withdrawal of steroids after remission is achieved, some patients relapse during steroid taper or require relatively high-dose maintenance therapy. Therefore, to determine the indications for maintenance therapy, it is important to evaluate disease activity during induction therapy.

Maintenance therapy may consist of low-dose glucocorticoids or any of the steroid-sparing agents. Retrospective studies from Asian countries, mainly Japan^[@r27])^ and South Korea,^[@r32])^ have suggested that steroid maintenance monotherapy may prevent relapse after remission. In addition to retrospective studies, a recent prospective Japanese multicenter study has shown that steroid maintenance therapy provides beneficial outcomes after remission.^[@r33])^

In cases of low disease activity such as involvement in the pancreas alone with segmental/focal lesions without any OOIs and complete radiological remission with normalized IgG/IgG4 in rapid response to steroid, steroids can be tapered off within 3 months followed by no steroid maintenance.^[@r21])^ On the other hand, maintenance therapy using a low dose of steroid, immunomodulators, or rituximab is recommended in patients with type 1 AIP showing diffuse enlargement of the pancreas, delayed radiological remission or persistently high serum IgG4 (\>2× upper limit of normal \[ULN\]) after treatment, or ≥2 OOIs, or association with proximal IgG4-SC before treatment.^[@r21])^

Outcome of type 1 AIP and IgG4-RD
=================================

Clinical symptoms vary depending on the individual organs involved and are dramatically relieved by steroid therapy in many cases;^[@r19]--[@r21],[@r23])^ however, long-term prognosis still remains unclear. Corticosteroids improve pancreatic exocrine and endocrine function by reducing inflammation, fibrosis, and regeneration through correct aberrant cystic fibrosis transmembrane conductance regulator localization in the duct and regenerate acinar cells in AIP;^[@r34])^ therefore, the short-term prognosis of AIP appears to be positive with steroid therapy. On the other hand, it is unclear whether the long-term outcome is positive, because there are many unknown factors, such as relapse, pancreatic exocrine or endocrine dysfunction, and associated malignancy.

Although not commonly observed, approximately 10% (7--40%) of the patients with type 1 AIP may develop pancreatic calcification or chronic pancreatitis.^[@r35]--[@r39])^ Maruyama *et al.*^[@r38],[@r39])^ proposed a sequential progression mechanism for the transition of AIP to chronic pancreatitis. They identified two risk factors, pancreatic head swelling and non-narrowing main pancreatic duct in the pancreatic body, which may cause pancreatic juice stasis in the upstream pancreatic duct and increased intrapancreatic duct pressure that is resistant to typical AIP-specific main pancreatic duct narrowing in the pancreatic body.

Although the association of malignant tumors with type 1 AIP or IgG4-RD is controversial, several cases of pancreatic cancer or other malignancies have been described in patients with AIP or IgG4-RD.^[@r22],[@r40]--[@r44])^ In recent reports,^[@r22],[@r40]--[@r44])^ in about 1,000 patients, 8.5% (10.1--13.9%) of IgG4-RD cases and 1% of AIP cases (2.1--13.9%) exhibited malignant tumors. Therefore, it is noted that pancreatic cancer or other malignant tumors may be complicated with AIP or IgG4-RD. A Japanese multicenter study of 108 cases of AIP reported that the highest risk for cancer is in the first year after AIP diagnosis. The absence of a relapse after successful treatment of the coexisting cancers suggests that AIP may develop as a paraneoplastic syndrome in some patients.^[@r42])^ Conversely, in an international multicenter study, the most frequently occurring cancers during follow-up were gastric, lung, and prostate, but not pancreatic, cancer.^[@r22])^ Kamisawa *et al.*^[@r44])^ investigated K-ras mutations in gallbladder and pancreas tissues obtained from AIP patients, and demonstrated significant K-ras mutation in the pancreatic and biliary regions, which suggested the possibility of AIP as a risk factor for pancreatic and bile duct cancer.

Recent advances in the pathogenic mechanisms of AIP and IgG4-RD
===============================================================

Although it is unclear whether the pathogenic mechanism is the same among individual organs or not, recent studies have suggested possible multi-pathogenic factors in the development of AIP similar to other immunogenic diseases. Based on genetic factors, disease-specific or -related antigens, abnormal innate and adaptive immunity may be involved (Fig. [7](#fig07){ref-type="fig"})^[@r45])^.

Immunogenic backgrounds.
------------------------

Although immunogenic backgrounds are unknown in IgG4-RD, the susceptibility to AIP in Japanese patients, most of whom exhibit IgG4-RD, may be associated with the class II antigen haplotype of the major histocompatibility complex (HLA-DRB1\*0405-DQB1\*0401),^[@r46])^ polymorphism of nuclear factor-κB, and Fc-receptor-like 3 genes expressed on B cells.^[@r47])^ An inhibitory molecule, cytotoxic T lymphocyte antigen-4 (CTLA-4; CD152), expressed on the activated memory T cells or CD4^+^CD25^+^ regulatory T cells (Tregs), was independently reported as a susceptibility factor.^[@r48],[@r49])^ Based on immunogenic backgrounds, abnormal conditions of immune responses may be involved in the development of type 1 AIP, although the precise pathogenic mechanisms remain unclear.

Innate immunity.
----------------

Recently, abnormal innate immunity has been demonstrated in some patients with IgG4-RD.^[@r50])^ Activation of NOD-2 and Toll-like receptor (TLR) ligands on monocytes or basophils from patients with IgG4-related AIP enhances IgG4 responses via B-cell activating factor and IL-13, although the specific pathogens still remain unclear.^[@r50],[@r51])^ Moreover, abundant infiltration of TLR-7 positive M2-macrophages was observed in pancreatic tissues from type 1 AIP cases.^[@r52])^ In animal models, activation of TLR3 (polyinosinic:polycytidylic acid) or TLR4 (lipopolysaccharide) can induce immune-mediated cholangitis, pancreatitis, and sialadenitis similar to human IgG4-RD.^[@r53])^ Recently, possible roles of basophils, which are activated via TLR signaling, may be involved in the development of type 1 AIP.^[@r54])^

Possible roles of IgG4 in IgG4-RD.
----------------------------------

Although the association of IgE-mediated allergy and IgG4 antibodies is well known, IgG4 characteristics are still poorly understood. IgG4 is involved in an immune process referred to as 'Fab-arm exchange', which involves the swapping of a heavy chain and attached light chain (half-molecule) with a heavy-light chain pair from another molecule. This usually results in asymmetric antibodies with two different antigen-combining sites.^[@r55])^ Although these modified antibodies are hetero-bivalent, they behave as monovalent antibodies. Another aspect of IgG4 is that it mimics IgG rheumatoid factor activity by interacting with IgG, namely through Fc-mediated aggregation.^[@r56])^ IgG4 seems to be associated with a pathogenic effect in a few situations. In pemphigus, recognition of skin autoantigens (desmogleins) by IgG4 is at the origin of the disease process.^[@r57])^ The most recent study of structural determinants of human IgG4-Fc using crystallization suggested that Fc-Fc interactions are compatible with intact IgG4 molecules and may provide a model for the formation of aggregates of IgG4 that can cause disease pathology in the absence of antigen.^[@r58])^

Another recent study of the regulation of IgG4 showed that IgG4-RD may reflect an excessive production of anti-inflammatory cytokines such as IL-10, which triggers an overwhelming expansion of IgG4-producing plasma cells.^[@r59]--[@r63])^ Increased peripheral inducible-memory Tregs are positively correlated with serum levels of IgG4.^[@r60])^ In addition, prominent infiltration of Tregs upregulated IL-10 in the liver of patients with IgG4-SC.^[@r59])^ These findings suggested that IgG4 does not act as a pathogenic factor, nor is it an anti-inflammatory factor in IgG4-RD. Further studies are necessary to clarify the precise role of IgG4 in IgG4-RD.

The complement system.
----------------------

Patients in the active stages of AIP occasionally show decreased complement (C3, C4) with elevated circulating immune complex, as well as elevated serum levels of IgG4 and the IgG4 subclass of immune complexes.^[@r64])^ However, a previous study showed that the classical pathway of complement activation through IgG1 may be involved in the development of AIP, as opposed to mannose-binding lectin or alternative pathways through IgG4.^[@r64])^

Autoantibodies and candidate of target antigens.
------------------------------------------------

Although some patients with IgG4-RD have non-specific antibodies such as an anti-nuclear antibody, this is rare. From the viewpoint of IgG4 function, it remains unclear whether IgG4-RD is an autoimmune or an allergic disease. Although disease-specific targets are unknown, the occasional coexistence of OOIs leads us to consider that there may be common target antigens in the organs involved, especially in the pancreas, which exhibit a high coincidence. Among candidate antigens previously reported, lactoferrin,^[@r65],[@r66])^ carbonic anhydrase (CA)-II,^[@r65]--[@r68])^ CA-IV,^[@r69])^ and pancreatic secretory trypsin inhibitor,^[@r70])^ are distributed in the pancreas, salivary glands, biliary duct, lungs, and renal tubules, among others. Immunization with CA-II or lactoferrin-induced systemic lesions such as pancreatitis, sialadenitis, cholangitis, or interstitial nephritis in mice models is similar to human IgG4-RD.^[@r71])^ Amylase α-2A,^[@r72])^ heat shock 10 kDa protein 1,^[@r73])^ and *Helicobacter pylori*^[@r74],[@r75])^ are also disease-associated antigen candidates. Among the organs involved in IgG4-RD, recent studies suggest an extremely high association of pancreatic and biliary lesions.^[@r25],[@r26])^ Peribiliary glands in the biliary tract and pancreatic duct glands associated with pancreatic ducts in humans are intermingled with small amounts of pancreatic exocrine acini^[@r76])^ and biliary tree-derived stem cells constitute pancreatic organogenesis in mice.^[@r77])^ Thus, Nakanuma *et al.* proposed a new concept of the "biliary diseases with pancreatic counterparts",^[@r76])^ in which targets of type 1 AIP and IgG4-SC may be periductal glands around the bile and pancreatic ducts. Further studies of the pathophysiology of the biliary tract based on its similarity to pancreatic counterparts are warranted.

Recently, two novel candidates of target antigens related to connective tissues in some patients with type 1 AIP have been reported; one is annexin12^[@r78])^ and the other is laminin 511.^[@r79],[@r80])^ Anti-annexin A11 IgG4-antibodies were positive in 9/50 patients, and IgG1-Abs in 7/97 patients, and anti-laminin 511 IgG4- and IgG1-antibodies were positive in a half of the patients studied.

Role of B cells.
----------------

In addition to steroid and immunomodulators, the B-cell depletion by rituximab, which reduces only IgG4, but not IgG1, IgG2, or IgG3, is useful as a therapeutic strategy in IgG4-RD.^[@r81],[@r82])^ A recent study showed expansion of IgG4^+^ B-cell receptor clones in blood and tissue from patients with active IgG4-cholangiopathy, and disappearance of the clones with corticosteroid treatment.^[@r82])^ A recent study showed that increased CD19^+^CD24^high^CD38^high^ Bregs may suppress the disease activity of type 1 AIP, whereas decreased CD19^+^CD24^high^CD27^+^ Bregs might be involved in the development of type 1 AIP.^[@r83])^ These findings suggested that specific B-cell responses may play a pivotal role in the pathogenesis of IgG4-RD.

Th1 and Th2 immune balance.
---------------------------

The effector cells in IgG4-RDs are poorly understood. CD4^+^ T-cells differentiate from naïve T-cells (Th0) into Th1, Th2, Th17, and Treg cells. In the livers of IgG4-SC patients, a Th2-type immune reaction^[@r59],[@r63])^ is induced in addition to Th1 responses.^[@r66],[@r71])^ Th2 cytokines may be involved in progression of the disease process, especially through the maturation and proliferation of local B-cells and plasmacytes.

Regulatory T cells.
-------------------

Forkhead box P3 is a member of the forkhead/winged-helix family of transcriptional regulators, and functions as the master regulator in the development and function of CD4^+^CD25^+^ Tregs. Forkhead box P3 is classified as a naturally occurring CD4^+^CD25^+^ Treg (nTregs) that originates in the thymus, whereas adaptive Tregs are induced in the periphery by different antigens.^[@r84])^ In type 1 AIP, circulatory naïve (CD45RA^+^) Tregs are significantly decreased in the peripheral blood, whereas memory (CD45RA^−^)-Tregs are significantly increased.^[@r60])^ In addition, prominent infiltration of Tregs with upregulation of IL-10 is observed in the liver of type 1 AIP and IgG4-SC patients.^[@r59],[@r62])^ These findings suggest that increased memory-Tregs in the periphery and local tissues may be an inhibitory immune response against inflammation, although decreased naïve Tregs may be pathogenic.

Concluding remarks
==================

Recent advances support the concept of IgG4-RD, a unique clinical entity, as a systemic disease, and the classification of two distinctive subtypes of AIP. Type 1 AIP is proposed as a pancreatic manifestation of IgG4-RD and type 2 AIP is associated with GELs and inflammatory bowel disease. To improve the diagnostic accuracy and monitoring of disease activity, novel biomarkers more specific for each subtype of AIP, other than serum IgG4 in type 1 and histological findings in type 2, should be established in the near future. In relapse or steroid refractory cases of type 1 AIP and IgG4-RD, alternative treatment should be established as well as factors for predicting relapse. In the pathogenesis of AIP/IgG4-RD, multi-pathogenic factors including genetic backgrounds, disease-specific antigens, and the role of IgG4 must be clarified.
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![Current concept of IgG4-related disease (cited from ref. [@r08] with permission). IgG4-RD contains multi-organ involvement simultaneously or metachronously.](pjab-94-412-g001){#fig01}

![Pancreatic images of type 1 AIP (cited from ref. [@r01] with permission). **a.** Dynamic CT shows diffuse swelling of the pancreas with late phase enhancement and low-density rim. **b.** Endoscopic pancreatography shows diffusely irregular narrowing of the main pancreatic duct. **c.** Endoscopic cholangiography shows beaded like and long stenotic biliary duct similar to primary sclerosing cholangitis.](pjab-94-412-g002){#fig02}

![Lymphoplasmacytic sclerosing pancreatitis (LPSP) (cited from ref. [@r01] with permission). **a.** Abundant infiltration of plasma cells and lymphocytes around the pancreatic duct with fibrosis (H&E, ×40). **b.** Abundant infiltration of plasma cells and lymphocytes around the pancreatic duct with fibrosis (H&E, ×200). **c.** Storiform fibrosis (H&E, ×400). **d.** Abundant infiltration of IgG4 positive plasma cells anti-IgG4 antibody staining (H&E, ×400). **e.** Obliterative phlebitis (Evans staining, ×400).](pjab-94-412-g003){#fig03}

![Pancreatic images of type 2 AIP (cited from ref. [@r01] with permission). **a.** Dynamic CT shows diffuse swelling of the pancreas with late-phase enhancement and low-density rim (arrow) similar to type 1 AIP. **b.** Positron emission tomography--computed tomography (PET-CT) shows diffusely abnormal accumulation of FDG. **c.** Endoscopic pancreatography shows irregular narrowing of the main pancreatic duct. **d.** Colonoscopy shows proctitis type of ulcerative colitis.](pjab-94-412-g004){#fig04}

![Granulocytic epithelial lesion (cited from ref. [@r01] with permission). **a.** Abundant infiltration of granulocytes into and around medium-sized pancreatic duct with destruction of epithelia (H&E, ×40). **b.** Abundant infiltration of granulocytes into and around medium-sized pancreatic duct with destruction of epithelia (H&E, ×200).](pjab-94-412-g005){#fig05}

![Therapeutic algorithm for type 1 AIP (cited from ref. [@r26] with permission). This algorithm is based on Eastern and Western experts' opinions to recommend standard treatment of AIP worldwide. ICDC: International Consensus Diagnostic Criteria for autoimmune pancreatitis. OOI: other organ involvement. ST: steroid treatment. \*: In some cases of mild jaundice without signs of infection, steroid treatment alone can be performed safely without biliary drainage.](pjab-94-412-g006){#fig06}

![Multiple pathogenic factors in the development of type 1 AIP (cited from ref. [@r48] with permission). Based on genetic factors, disease-specific or -related antigens, abnormal innate and adaptive immunity may be involved.](pjab-94-412-g007){#fig07}

###### 

Comprehensive diagnostic criteria for IgG4-related disease, 2011 (cited from ref. [@r12] with permission)

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\. Clinical examination showing characteristic diffuse/localized swelling or masses in single or multiple organs
  2\. Hematological examination shows elevated serum IgG4 concentrations (135 mg/dL)
  3\. Histopathologic examination shows:
   (1) Marked lymphocyte and plasmacyte infiltration and fibrosis.
   (2) Infiltration of IgG4+ plasma cells: ratio of IgG4+/IgG+ cells \> 40% and \>10 IgG4+ plasma cells/HPF.
  Definite: 1) + 2) + 3) Probable: 1) + 3) Possible: 1) + 2)
  However, it is important to differentiate IgG4-RD from malignant tumors of each organ (*e.g.*, cancer, lymphoma) and similar diseases (*e.g.*, Sjögren's syndrome, primary sclerosing cholangitis, Castleman's disease, secondary retroperitoneal fibrosis, Wegener's granulomatosis, sarcoidosis, and Churg--Strauss syndrome) by additional histopathological examination. Even when patients cannot be diagnosed using the CCD criteria, they may be diagnosed using organ-specific diagnostic criteria for IgG4-RD.
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Preferred nomenclature for individual organ manifestations of IgG4-related disease (cited from ref. [@r03] with permission)

  Organ System/Tissue                                      Preferred Name
  -------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Pancreas                                                 Type 1 autoimmune pancreatitis (IgG4-related pancreatitis)
  Eye                                                      IgG4-related ophthalmic disease is the general term for the peri-ocular manifestations of this disease. There are several subsets, outlined below.
  Lacrimal glands                                          IgG4-related dacryoadenitis
  Orbital soft tissue (orbital inflammatory pseudotumor)   IgG4-related orbital inflammation
  Extra-ocular muscle disease                              IgG4-related orbital myositis
  Orbit with involvement of multiple anatomic structures   IgG4-related pan-orbital inflammation (includes lacrimal gland disease, extra-ocular muscle involvement, and other potential intra-orbital complications)
  Salivary glands (parotid and submandibular glands)       IgG4-related sialadenitis or, more specifically, IgG4-related parotitis or IgG4-related submandibular gland disease
  Pachymeninges                                            IgG4-related pachymeningitis
  Hypophysis                                               IgG4-related hypophysitis
  Thyroid (Riedel's thyroiditis)                           IgG4-related thyroid disease
  Aorta                                                    IgG4-related aortitis/peri-aortitis
  Arteries                                                 IgG4-related periarteritis
  Mediastinum                                              IgG4-related mediastinitis
  Retroperitoneum                                          IgG4-related retroperitoneal fibrosis
  Mesentery                                                IgG4-related mesenteritis
  Skin                                                     IgG4-related skin disease
  Lymph node                                               IgG4-related lymphadenopathy
  Bile ducts                                               IgG4-related sclerosing cholangitis
  Gallbladder                                              IgG4-related cholecystitis
  Liver                                                    IgG4-related hepatopathy (refers to liver involvement that is distinct from biliary tract involvement)
  Lung                                                     IgG4-related lung disease
  Pleura                                                   IgG4-related pleuritis
  Pericardium                                              IgG4-related pericarditis
  Kidney                                                   IgG4-related kidney disease. The specific renal pattern should be termed IgG4-related tubulointerstitial nephritis and membranous glomerulonephritis secondary to IgG4-RD. Involvement of the renal pelvis should be termed IgG4-related renal pyelitis.
  Breast                                                   IgG4-related mastitis
  Prostate                                                 IgG4-related prostatitis

[^1]: (Communicated by Hiroo IMURA, M.J.A.)
